INTRODUCTION
There are a lot of stochastic vibrations in our real life, for example, the tail of aircraft will be strongly vibrated in the air turbulence; the cable of large-scale bridge is vibrated in the strong wind, or high building will vibrate during the earthquake. Generally, we can describe such kind of vibration as stochastic dynamical systems with excitations in mathematics, the air turbulence here or strong wind, earthquake are called random excitations.
Since there are stochastic vibrations, the question is, whether the structures can keep safe and stable is that possible to break down during the vibration, how much probability the structures can survive from vibration. If we want to answer these questions, it is needed to study the reliability of stochastic dynamical systems, that is exactly why we want to do this work.
Usually, a stochastic dynamical system is composed of three features, damping, restoring force and random excitation. In the past, most of damping term were modeled as integer-order derivative [1] [2] , because traditional derivatives have much more good properties and are easy to be dealt with. However, Bagleg [3] and Makris [4] have proved the damping term must be modeled by fractional derivative if the structure is built by some vescoelasity material. Therefore, different from the traditional work, fractional derivative will appear in our systems.
On the other hand, restoring force, in the field of mechanical engineering, is a nonlinear function, as we all know the best nonlinear function is polynomial function, in many research papers, the restoring force is expressed by polynomial functions. For example, in the famous Duffing system, the restoring force is a threeorder polynomial function [5] . However, a purely nonlinear function is more reasonable to describe the restoring force, that is why we want to consider the power-form restoring force in our system. As for random excitations, they are all denoted by stochastic processes and satisfy some properties in mathematics. The most popular excitation in mechanical engineering is white noise, bounded noise or color noise [6] . In our paper, we want to take Gaussian white noise into account, the other excitations will appear in the future work.
As a powerful mathematical tool, the fractional derivative has been successfully used in environmental engineering, viscoelasticity material, biomedical science and in vibrated dynamical systems to describe the damping or restoring force [7] . However, the application of fractional derivative in stochastic dynamical system occurred very late, only very few references can be found [8] [9] [10] .
Therefore, In this paper, we are going to combine the fractional derivative damping, power-form restoring force and Gaussian excitation together, to study first the passage problem in a stochastically dynamical system.
MATHEMATICAL MODEL
The motion of equation may be expressed in the form
Where   k W t are Gaussian white-noise with zero means and correlation functions
is Caputo-type fractional derivative governing the damping forces, and defined by
( ) g x is a power-form restoring force function and denoted by
where  is a non-negative real number. The objective of this paper is to apply stochastic averaging method to explore the problem of firstpassage for the system (1). In doing this, the joint response process ( , ) x x  is needed to be transformed to a pair of slowly varying processes ( , ) a  . To that end, a generalized Van der Pol transformation is introduced as follows:
, differentiating Eq.(4) with respect to time and making it equal to Eq. (5), then we get sin cos a a
and
Now consider the nonlinear part of the restoring force in Eq. (1) described by a power-form function. According to the transform in (4), and expanding it into the Fourier series, then we may have
where the coefficients are equal to the followings:
then one expression for frequency of the unforced and un-damping system can be derived from this approximation, which is   
Apparently, Eq. (11) can be rewriten as follows:
where
Substituting (6) into (11), a differential equation that described the phase process is derived
According to the stochastic averaging theorem [6] , the slowly varying process ( ) a t converges weakly to an Ito differential equation as 0.
In which
As for the fractional derivative with Caputo definition, combined with formula (4), It will be very useful to introduce the following integrals so as to approximate the Caputo fractional derivative term, they are respectively
On the basis of integrals (21) and (22), an approximated function for Caputo-type fractional derivate is obtained.
It is evident that the fractional derivative can be approximated by the periodic functions in terms of amplitude and frequency. Substituting formula (23) into (13) and (16), then the drift function and diffusion function will be completedly calculated. Figure 1 shows that reliability function is a decreasing function with respect to time. Alpha is the order of fractional derivative, so we can see, more larger alpha values can lead to small higher probability of the system reliability, where we take parameters as follows: With the same parameters, we also examined the mean first passage time by solving GP equation and Monte-Carlo simulating the original system. Figure 3 shows the relationship among mean first-passage time, fractoinal order of alpha and initial value of energy. If we choose some certain special value of alpha, twodimension Figure 4 can be more clearly seen the relationship between mean first passage time and initial energy. You can see the results are all consistent with each other. In addition, the higher fractional order, the longer of mean first passage time. 
CONCLUSION
To sum up, in this paper, we investigated the first passage problem in a fractional derivative system. Stochastic averaging method has been employed to obtain BK equation and GP equation. The numerical results based on BK equation and GP equation tell us the information about system reliablity, including the effect on reliability by the value of boundary value of safe domain. The comparison between analytical results and Monte-Carlo simulation proved the efficiency and correction of approaches we used in this paper.
